Isolates of Rhynchosporium secalis collected from two experimental barley populations were scored for putative isozyme, colony color, and virulence loci. Allelic frequencies, multilocus haplotype frequencies, and multilocus genetic structure differed in the two populations of R. secalis; haplotypes also differed widely from each other in virulence.
haplotypes also differed widely from each other in virulence.
The average virulence of isolates collected from the more resistant host population was greater than the average virulence of the isolates collected from the less resistant host population; also the least virulent haplotype, which made up 19% of the pathogen population collected from the less resistant host population, accounted for only 0.3% of the isolates collected from the more resistant host population. It was concluded that the genetic systems of the barley host and fungal pathogen interacted in a complementary fashion and that the genetic structures of both the host and pathogen populations were shaped by coevolutionary processes featuring interactions among loci affecting many different traits, including interactions among host resistance genes and pathogen virulence genes.
It is now widely accepted that the coevolution of plants and their pathogens can be understood only in the context of integrated host-pathogen systems (e.g., see refs. 1 and 2) . However, empirical studies of host-pathogen systems have usually focused on the host; this is partly because the host is the partner of economic importance in the pathosystem and partly because plant pathogens have often been perceived as less tractable to genetic analysis than their hosts. Rhynchosporium secalis (Oud.) Davis, the causal organism of the scald disease of barley (Hordeum vulgare L.), is a haploid imperfect fungus, which is transmitted from generation to generation of the barley host through seed-borne mycelial inoculum; however, within single growing seasons it spreads from plant to plant by short-distance rain-splashed dispersal of conidia (3) . It The synthesis and evolutionary histories of CCII and CCV have been described in detail (5, 6) and both populations are known to be polymorphic at many loci, including loci that govern resistance vs. susceptibility to R. secalis. There have also been a number of studies of the evolutionary responses of CCII and CCV to R. secalis (7-11) but much less information is available concerning the genetic structure of the populations of R. secalis that have evolved on CCII and CCV (12) . In this paper, we report the results of a study in which isozyme, colony color, and virulence variants were used to investigate the genetic composition and population structure of samples of R. secalis collected from generation 56 of CCII and generation 44 of CCV during the 1985-1986 growing season.
MATERIALS AND METHODS
Field Plantings. CCII and CCV were seeded in a pair of plots (10 x 10 m), separated by a 4-m alley, in a field that had not been seeded to barley for several years. For purposes of collecting fungal isolates, the two plots were each divided into 16 Multilocus Associations. Multilocus associations among the five markers were assessed using the discrete log-linear procedure of Fienberg (13) . Likelihood ratio tests were used in a series to identify and eliminate nonsignificant interaction terms after which log-linear models were constructed to fit the remaining terms. Models were fit in a hierarchical manner such that a higher-order term was included only when lowerorder terms failed to fit the data; when a higher-order term was included, all of its lower-order relatives were also included. A stepwise procedure was used in model selection (14) . The best fitting model for RSII was characterized by the two highest-order interaction terms (PGI-PGM-BGLU) (PGM-LAP-BGLU-COL), whereas the best fitting model for RSV was characterized by the two highest-order interaction terms (PGI-PGM-LAP) (PGI-LAP-COL). The different form of the model in the two populations indicates that the multilocus structure of RSII was different from that of RSV-i.e., that the allelic combinations that were most frequent in RSII were not the same as the allelic combinations that were most frequent in RSV. Spatial Distribution of Haplotypes. Because random lots of seed from generation 55 of CCII and generation 43 of CCV were used to sow the 10 x 10 m plots of CCII and CCV, respectively, the distribution of haplotypes is expected to be uniform within and among the 1.25 x 5.0 m subplots of the main plots, assuming no disturbing forces intervened after sowing and prior to sampling. Observed distributions of haploypes within the CCII plot and the CCV plot are given in Fig. 1 , in which subplots are shown as they were arranged in the field and data are presented as frequencies of haplotypes within each 1.25 x 5.0 m subplot. There were five to seven haplotypes in most subplots (range, 3-10; mean, 6.03); most subplots included all six among the most common haplotypes. However, one or two haplotypes predominated in most subplots and the predominant haplotype often differed from subplot to subplot; furthermore, the predominant haplotype was often the same in adjacent subplots. This pattern of variation suggests that specific haplotypes became established on single barley plants during the period of initial infection from seed-borne inoculum and that these founder events led to foci of infection from which haplotypes spread by rain splash both within subplots and into neighboring subplots. Thus, by season's end, haplotype variability came to be distributed in a nonrandom fashion in a fine-scaled mosaic pattern within and among subplots.
Population structure was analyzed by F statistics (15) (16) (17) ; for these analyses, data from adjacent subplots were pooled forming eight subplots measuring 2.5 x 5.0 m (mean sample size per subplot was 83 isolates). Partitions of the total genetic diversity (HT) into components due to average diversity within subplots (Hs), average diversity between all subplots within populations (Dsp), and average diversity between the two populations (Dpr), gave HT (0.781) = Hs (0.669) + Dsp (0.095) + DpT (0.017). Thus, most ofthe genetic variability is attributable to diversity within subplots (Hs/HT = 0.86) and most of the rest of the diversity is attributable to differences among subplots within populations (Dsp/HT = FSP(T) = 0.12; X2 = 2NFsP(T) = 319; P < 0.001). We postulate that the observed differences in genetic variability within subplots resulted from founder events followed by rainsplash spread by secondary infections from the resulting foci of infection and that the observed differences among subplots resulted from subsequent spreading into neighboring subplots. The proportion of between-population diversity relative to total diversity, DFT/HT, was 0.022 = FpT, which is equivalent to Wright's FST under random mating. Although genetic differentiation between the two populations accounted for only 2% of the total diversity, the difference between the two populations is statistically significant (X2 = 2NFST = 58; P < 0.001). The results of the genetic diversity analyses thus provide numerical support for the conclusions reached from visual inspection of Fig. 1-namely , that genetic variability is much more extensive within than between RSII and RSV. This result parallels the pattern of geographical distribution of resistance to R. secalis observed in a random sample of 350 accessions of barley from a worldwide collection (18) ; diversity for resistance within the 350 accessions was larger (53% of total diversity) than diversity among the accessions. This result suggests that the optimum evolutionary strategy may be development, within local populations, of complementary patterns of genetic variation for resistance in the host and virulence in the pathogen. Robinson (2) reached a similar conclusion from theoretical arguments.
Virulence of Haplotypes. The virulence of the nine most frequent haplotypes defined by the enzyme and color variants was determined by testing the ability of each haplotype to infect a set of 14 barley differentials (4) and a number of barley lines known to carry specific alleles for resistance (11 
